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1
RETRANSMISSION METHOD FOR
DYNAMIC SUBFRAME SETTING IN
WIRELESS COMMUNICATION SYSTEM AND
APPARATUS FOR SAME

This application is a 35 USC §371 National Stage entry of
International Application No. PCT/KR2012/001666 filed on
Mar. 7, 2012, and claims priority to U.S. Provisional Appli-
cation Nos. 61/466,917, filed Mar. 23, 2011; and 61/472,610
filed Apr. 6,2011, all of which are incorporated by reference
in their entirety herein.

FIELD OF THE INVENTION

Embodiments of the present invention relate to a wireless
communication system, and more particularly to a retrans-
mission method and apparatus used in the case in which a
dynamic subframe is established in the wireless communica-
tion system.

BACKGROUND ART

As a representative example of a wireless communication
system of the present invention, 3’ Generation Partnership
Project Long Term Evolution (3GPP LTE) and LTE-Ad-
vanced (LTE-A) communication systems will hereinafter be
described in detail.

FIG. 1 is a conceptual diagram illustrating an Evolved
Universal Mobile Telecommunications System (E-UMTS)
network structure as an exemplary mobile communication
system. In particular, the Enhanced Universal Mobile Tele-
communications System (E-UMTS) has evolved from a
legacy UMTS system, and basic standardization thereof is
now being conducted by the 3rd Generation Partnership
Project (3GPP). E-UMTS may also be referred to as Long
Term Evolution (LTE). For details of the technical specifica-
tions of UMTS and E-UMTS, refer to Release 7 and Release
8 of “3rd Generation Partnership Project; Technical Specifi-
cation Group Radio Access Network”.

As shown in FIG. 1, the E-UMTS system is broadly made
up of'a User Equipment (UE) 120, base stations (or eNode-
Bs) 110qa and 1105, and an Access Gateway (AG) which is
located at an end of a network (E-UTRAN) and is connected
to an external network. Generally, an eNode-B can simulta-
neously transmit multiple data streams for a broadcast ser-
vice, a multicast service and/or a unicast service.

Each eNode-B includes one or more cells. One cell of the
eNode-B is set to use a bandwidth such as 1.25, 2.5, 5, 10, 15
or 20 MHz to provide a downlink or uplink transmission
service to user equipments (UEs). Here, different cells may be
set to use different bandwidths. The eNode-B controls trans-
mission and reception of data for several UEs. In association
with downlink (DL) data, the eNode-B transmits downlink
(DL) scheduling information to a corresponding UE, so as to
inform the corresponding UE of time/frequency domains
where data is to be transmitted, coding information, data size
information, Hybrid Automatic Repeat and reQuest
(HARM)-related information, and the like. In association
with uplink (UL) data, the eNode-B transmits UL scheduling
information to the corresponding UE, so that it informs the
corresponding UE of time/frequency domains capable of
being used by the corresponding UE, coding information,
data size information, HARQ-related information, and the
like. An interface for transmission of user traffic or control
traffic may be used between eNode-Bs. A Core Network (CN)
may include an Access Gateway (AG) and a network node for
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user registration of the UE. The AG manages mobility ofaUE
on the basis of a Tracking Area (TA) composed of several
cells.

Although wireless communication technology has been
developed to LTE technology on the basis of WCDMA tech-
nology, users and enterprises continuously demand new fea-
tures and services. In addition, other wireless access tech-
nologies are being developed, such that there is a need for new
or improved wireless access technology in order to remain
competitive in the long run. For example, reduction in cost per
bit, increase of service availability, adaptive frequency band
utilization, a simple structure, an open-type interface, and
appropriate user equipment (UE) power consumption are
needed for new or improved wireless access technology.

DETAILED DESCRIPTION OF THE INVENTION
Technical Problem

Accordingly, the present invention is directed to a retrans-
mission method and apparatus used in the case in which a
dynamic subframe is established in a wireless communica-
tion system.

Technical Solution

The object of the present invention can be achieved by
providing a method for transmitting/receiving a signal
to/from a base station (BS) by a user equipment (UE) in a time
division multiplexing (TDM) wireless communication sys-
tem, the method including: receiving a reconfiguration
request signal for a second uplink(UL)/downlink(DL) con-
figuration while signals are transmitted/received according to
a first UL/DL configuration; if a use of a specific uplink (UL)
subframe is changed to a use of a downlink (DL) subframe by
the second UL/DL configuration, terminating an uplink (UL)
retransmission process associated with the specific UL sub-
frame; and transmitting/receiving signals using the second
UL/DL configuration at a specific time. The reconfiguration
request signal may be received through a higher layer.

The termination of the UL retransmission process may
include: setting a response of a signal transmitted to the
specific UL subframe to an acknowledgment (ACK). The
method may further include: receiving a signal indicating
deactivated decoding of a response of the signal transmitted
to the specific UL subframe.

The method may further include: receiving information
regarding an application timing point of the second UL/DL
configuration.

In accordance with another aspect of the present invention,
a user equipment (UE) device for use in a time division
multiplexing (TDM) wireless communication system
includes: a radio frequency (RF) communication module
configured to receive a reconfiguration request signal for a
second uplink(UL)/downlink(DL) configuration while sig-
nals are transmitted/received according to a first UL/DL con-
figuration; and a processor, if a use of a specific uplink (UL)
subframe is changed to a use of a downlink (DL) subframe by
the second UL/DL configuration, configured to terminate an
uplink (UL) retransmission process associated with the spe-
cific UL subframe, wherein the processor controls the RF
communication module to transmit/receive signals using the
second UL/DL configuration at a specific time.

The processor may set a response of a signal transmitted to
the specific UL subframe to an acknowledgment (ACK) so as
to terminate the UL retransmission process. The RF commu-
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nication module may receive a signal indicating deactivated
decoding of a response of the signal transmitted to the specific
UL subframe.

The RF communication module may receive information
regarding an application timing point of the second UL/DL
configuration.

The second UL/DL configuration may include a combina-
tion of one or more UL/DL configurations, and the reconfigu-
ration request signal may include a combination of the one or
more UL/DL configurations and specific information regard-
ing a length of the combination.

Effects of the Invention

As is apparent from the above description, according to
exemplary embodiments of the present invention, a retrans-
mission operation can be efficiently performed when a
dynamic subframe is allocated in a wireless communication
system.

It will be appreciated by persons skilled in the art that the
effects that can be achieved with the present invention are not
limited to what has been particularly described hereinabove
and other advantages of the present invention will be more
clearly understood from the following detailed description
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a conceptual diagram illustrating an Evolved
Universal Mobile Telecommunications System (E-UMTS)
network structure as an example of a wireless communication
system.

FIG. 2 illustrates a control plane and a user plane (U-Plane)
of'a radio interface protocol between a User Equipment (UE)
and an E-UTRAN according to the 3GPP wireless access
network standard.

FIG. 3 is a conceptual diagram illustrating physical chan-
nels used in a 3GPP LTE system as an exemplary mobile
communication system and a general method for transmitting
a signal using the physical channels.

FIG. 4 is a diagram illustrating a structure of a radio frame
for use in a Long Term Evolution (LTE) system.

FIG. 5 is a conceptual diagram illustrating a downlink
radio frame for use in an LTE system.

FIG. 6 shows a resource unit used when a control channel
is constructed.

FIG. 7 shows an example for distributing CCEs to a system
band.

FIG. 8 shows an uplink subframe structure for use in the
LTE system.

FIG. 9 shows an example of implementing a subframe
dynamic change through dedicated RRC signaling in an LTE
TDD system.

FIG. 10 shows an example of using an uplink HARQ
operation according to a first embodiment.

FIG. 11 shows an example of using an uplink HARQ
operation according to a second embodiment.

FIG. 12 shows an example of dynamically changing
UL/DL configuration according to a third embodiment.

FIG. 13 is a block diagram illustrating a communication
device according to embodiments of the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which are
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4

illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts. The above and
other configurations, operations, and features of the present
invention will be easily understood from the embodiments of
the invention described below with reference to the accom-
panying drawings. The embodiments described below are
examples wherein technical features of the invention are
applied to a 3" Generation Partnership Project (3GPP) sys-
tem.

Although the embodiment of the present invention will be
disclosed on the basis of an LTE system and an LTE-A system
for convenience of description and better understanding of
the present invention, it should be noted that the scope or
spirit of the present invention is not limited thereto and can be
applied to other communication systems as necessary.

FIG. 2 illustrates a control plane and a user plane (U-Plane)
of'a radio interface protocol between a User Equipment (UE)
and an E-UTRAN according to the 3GPP wireless access
network standard. The control plane is a passage through
which control messages that a UE and a network use in order
to manage calls are transmitted. The user plane is a passage
through which data (e.g., voice data or Internet packet data)
generated at an application layer is transmitted.

The physical layer, which is the first layer, provides an
information transfer service to an upper layer using a physical
channel. The physical layer is connected to a Medium Access
Control (MAC) layer, located above the physical layer,
through a transport channel. Data is transferred between the
MAC layer and the physical layer through the transport chan-
nel. Data transfer between different physical layers, specifi-
cally between the respective physical layers of transmitting
and receiving sides, is performed through the physical chan-
nel. The physical channel uses time and frequency informa-
tion as radio resources. In more detail, using the time and
frequency information as radio resources, the physical chan-
nel is modulated according to the Orthogonal Frequency
Division Multiple Access (OFDMA) scheme via a downlink,
and is modulated according to the Single Carrier Frequency
Division Multiple Access (SC-FDMA) scheme via an uplink.

The MAC layer of the second layer provides a service to a
Radio Link Control (RLC) layer, located above the MAC
layer, through a logical channel. The RLC layer of the second
layer enhances data transmission reliability. The functions of
the RLC layer may also be implemented through internal
functional blocks of the MAC layer. A PDCP layer of the
second layer performs a header compression function to
reduce unnecessary control information in order to efficiently
transmit IP packets such as IPv4 or IPv6 packets over a radio
interface with a relatively narrow bandwidth.

A Radio Resource Control (RRC) layer located at the low-
est part of the third layer is defined only in the control plane
and is responsible for control of logical, transport, and physi-
cal channels in association with configuration, re-configura-
tion and release of Radio Bearers (RBs). The radio bearer
(RB) is a service that the second layer provides for data
communication between the UE and the network. To accom-
plish this, the RRC layer of the UE and the RRC layer of the
network exchange RRC messages. The UE is in RRC con-
nected mode if an RRC connection has been established
between the RRC layer of the network and the RRC layer of
the UE. Otherwise, the UE is in RRC idle mode. A Non-
Access Stratum (NAS) layer located above the RRC layer
performs functions such as session management and mobility
management.

One cell of the eNB (eNode-B) is set to use a bandwidth
such as 1.25, 2.5, 5, 10, 15 or 20 MHz to provide a downlink
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or uplink transmission service to UEs. Here, different cells
may be set to use different bandwidths.

Downlink transport channels for transmission of data from
the network to the UE include a Broadcast Channel (BCH) for
transmission of system information, a Paging Channel (PCH)
for transmission of paging messages and a downlink Shared
Channel (SCH) for transmission of user traffic or control
messages. User traffic or control messages of a downlink
multicast or broadcast service may be transmitted through a
downlink SCH and may also be transmitted through a down-
link multicast channel (MCH). Uplink transport channels for
transmission of data from the UE to the network include a
Random Access Channel (RACH) for transmission of initial
control messages and an uplink SCH for transmission of user
traffic or control messages. Logical channels, which are
located above the transport channels and are mapped to the
transport channels, include a Broadcast Control Channel
(BCCH), a Paging Control Channel (PCCH), a Common
Control Channel (CCCH), a Multicast Control Channel
(MCCH) and a Multicast Traffic Channel (MTCH).

FIG. 3 is a conceptual diagram illustrating physical chan-
nels for use in a 3GPP system and a general method for
transmitting a signal using the physical channels.

Referring to FIG. 3, when powered on or when entering a
new cell, a UE performs initial cell search in step S301. The
initial cell search involves synchronization with a BS. Spe-
cifically, the UE synchronizes with the BS and acquires a cell
Identifier (ID) and other information by receiving a Primary
Synchronization CHannel (P-SCH) and a Secondary Syn-
chronization CHannel (S-SCH) from the BS. Then the UE
may acquire information broadcast in the cell by receiving a
Physical Broadcast CHannel (PBCH) from the BS. During
the initial cell search, the UE may monitor a downlink chan-
nel status by receiving a downlink Reference Signal (DL RS).

After the initial cell search, the UE may acquire more
specific system information by receiving a Physical Down-
link Control CHannel (PDCCH) and receiving a Physical
Downlink Shared CHannel (PDSCH) based on information
of the PDCCH in step S302.

On the other hand, if the UE initially accesses the BS or if
the UE does not have radio resources for signal transmission,
it may perform a random access procedure to the BS in steps
S303 to S306. For the random access, the UE may transmit a
predetermined sequence as a preamble to the BS on a Physical
Random Access CHannel (PRACH) in steps S303 and S305
and receive a response message for the random access on a
PDCCH and a PDSCH corresponding to the PDCCH in steps
S304 and S306. In the case of contention-based RACH, the
UE may perform a contention resolution procedure.

After the foregoing procedure, the UE may receive a
PDCCH and a PDSCH in step S307 and transmit a Physical
Uplink Shared CHannel (PUSCH) and a Physical Uplink
Control CHannel (PUCCH) in step S308, as a general down-
link/uplink (DL/UL) signal transmission procedure. Specifi-
cally, the UE may receive downlink control information
(DCI) through a PDCCH. In this case, DCI includes control
information such as resource allocation information for the
UE, and has different formats according to usage purposes.

On the other hand, uplink control information transmitted
from the UE to the BS or downlink control information trans-
mitted from the UE to the BS may include a downlink (DL) or
uplink (UL) ACKnowledgement/Negative ACKnowledge-
ment (ACK/NACK) signal, a Channel Quality Indicator
(CQI), a Precoding Matrix Index (PMI) and/or a Rank Indi-
cator (RI). The UE adapted to operate in the 3GPP LTE
system may transmit the control information such as a CQIL a
PMI, and/or an RI on the PUSCH and/or the PUCCH.
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FIG. 4 is a diagram illustrating a structure of a radio frame
used in an LTE system.

Referring to FIG. 4, the radio frame has a length of 10 ms
(327200'T,) and includes 10 subframes of equal size. Each
subframe has a length of 1 ms and includes two slots. Each
slot has a length of 0.5 ms (15360-T)). In this case, T, repre-
sents sampling time, and is expressed by “T,=1/(15 kHzx
2048)=3.2552x10~® (about 33 ns)’. The slot includes a plu-
rality of OFDM symbols in a time domain, and includes a
plurality of resource blocks (RBs) in a frequency domain. In
the LTE system, one resource block includes twelve (12)
subcarriersxseven (or six) OFDM (Orthogonal Frequency
Division Multiplexing) symbols. A Transmission Time Inter-
val (TTI) which is a transmission unit time of data can be
determined in a unit of one or more subframes. The afore-
mentioned structure of the radio frame is only exemplary, and
various modifications can be made to the number of sub-
frames contained in the radio frame or the number of slots
contained in each subframe, or the number of OFDM symbols
in each slot.

FIG. 5 shows a control channel contained in a control
region of one subframe in a downlink radio frame according
to one embodiment of the present invention.

Referring to FIG. 5, one subframe includes 14 OFDM
symbols. First to third ones of the 14 OFDM symbols may be
used as a control region, and the remaining OFDM symbols
(i.e., 11 to 13 OFDM symbols) may be used as a data region.
In FIG. 5, R1 to R4 represent reference signals (RSs) (also
called pilot signals) of antennas 0 to 3, respectively. In a
general subframe, RSs of the antennas 0 to 3 are fixed to a
predetermined pattern irrespective of a control region and a
data region. The control channel is allocated to a resource, to
which the RS is not allocated, in the control region. A traffic
channel is allocated to a resource, to which the RS is not
allocated, in the data region. A variety of control channels
may be allocated to the control region, for example, a physical
control format indicator channel (PCFICH), a physical
hybrid-ARQ indicator channel (PHICH), a physical down-
link control channel (PDCCH), etc.

PCFICH is used as a physical control format indicator
channel, and informs the UE of the number of OFDM sym-
bols used for PDCCH at every subframe. PCFICH is located
at a first OFDM symbol, and is established to have priority
over PHICH and PDCCH. PCFICH includes 4 resource ele-
ment groups (REGs), and individual REGs are distributed
into the control region on the basis of a cell ID. One REG
includes four REs. The RE is a minimum physical resource
defined by ‘one subcarrierxone OFDM symbol’. The
PCFICH value indicates values of 1 to 3 or values of 2 to 4
according to bandwidth, and is QPSK (Quadrature Phase
Shift Keying)-modulated.

PHICH is used as a physical HARQ (Hybrid-Automatic
Repeat and reQuest) indicator channel, and carries HARQ
ACK/NACK signals for uplink transmission. In other words,
PHICH indicates a channel for transmitting DI, ACK/NACK
information for UL, HARQ. The PHICH includes one REG,
and is cell-specifically scrambled. An ACK/NACK signal
indicated by one bit is BPSK (Binary Phase Shift Keying)-
modulated. The modulated ACK/NACK is spread with a
spreading factor (SF) of 2 or 4. Several PHICHs mapped to
the same resources construct a PHICH group. The number of
PHICHs multiplexed in the PHICH group may be determined
according to the number of spreading codes. PHICH (or
PHICH group) may be repeated three times so as to obtain a
diversity gain from a frequency domain and/or a time domain.

PDCCH acting as a physical downlink control channel is
allocated to N first OFDM symbols of a subframe. In this
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case, N is an integer of 1 or higher and is indicated by a
PCFICH. PDCCH includes one or more CCEs. PDCCH may
inform each UE or a UE group of information related to
resource allocation of PCH (Paging Channel) and DL-SCH
(Downlink-shared channel), uplink scheduling grant, HARQ
information, etc. The PCH and the DL-SCH are transmitted
through a PDSCH. Therefore, the BS and the UE may trans-
mit and receive data other than either specific control infor-
mation or specific service data through the PDSCH.

Information indicating which UE will receive data as an
input, information indicating how the UEs receive PDSCH
data, and information indicating whether decoding is carried
out are contained in the PDCCH. For example, it is assumed
that a specific PDCCH is CRC-masked with a Radio Network
Temporary Identity (RNTI) called ‘A’, and information that is
transmitted using radio resources ‘B’ (for example, a fre-
quency location) and transmission format information ‘C’
(for example, a transmission block size, a modulation
scheme, coding information, etc.), is transmitted through a
specific subframe. In this case, a UE located in a cell monitors
a PDCCH using its own RNTI information. If at least one UE
having the RNTI ‘A’ is present, the UEs receive PDCCH and
receive PDSCH indicated by ‘B’ and ‘C’ through the received
PDCCH information.

FIG. 6 is a diagram showing a resource unit used for con-
figuring a control channel. FIG. 6(a) shows the case where the
number of transmission antennas is 1 or 2 and FIG. 6(b)
shows the case where the number of transmission antennas is
4, which are different from each other in only an RS pattern
according to the number of transmission antennas, but are
equal to each other in a method of setting a resource unit
associated with the control channel.

Referring to FIGS. 6(a) and 6(b), the REG which is the
basic resource unit of the control channel is composed of four
neighbor REs in a state of excluding the RS. The REG is
denoted by a thick line in the drawing. The PCFICH and the
PHICH include four REGs and three REGs, respectively. The
PDCCH is composed of CCE units and one CCE includes 9
REGs.

The UE is set to confirm M (L) (zL) CCEs which are
arranged consecutively or according to a specific rule in order
to determine whether a PDCCH composed of L CCEs is
transmitted to the UE. The value L considered when the UE
receives the PDCCH may be plural. A set of CCEs which
should be confirmed when the UE receives the PDCCH is
referred to as a PDCCH search space. For example, inthe LTE
system, the PDCCH search space is defined as shown in Table
1.

TABLE 1
Search space S, &
Aggregation Size Number of PDCCH

Type level L [in CCEs] candidates M®  DCI formats
UE- 1 6 6 0,1, 1A, 1B,
specific 2 12 6 2

4 8 2

8 16 2
Common 4 16 4 0, 1A, 1C,

8 16 2 3/3A

In Table 1, CCE aggregation level (L) denotes the number
of CCEs configuring the PDCCH, 8%, denotes the PDCCH
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8
search space, and M® denotes the number of PDCCH can-
didates to be monitored in the search space.

The PDCCH search space may be divided into a UE-
specific search space in which access is allowed for only a
specific UE and a common search space in which access is
allowed for all UEs within a cell. The UE monitors the com-
mon search space at L=4 and 8 and monitors the UE-specific
search spaceat.=1,2, 4 and 8. The common search space and
the UE-specific search space may overlap.

In addition, the location of a first CCE (having a smallest
index) in the PDCCH search space applied to a certain UE
with respect to each value L is changed according to the UEs
for each subframe. This is referred to as PDCCH search space
hashing.

FIG. 7 shows an exemplary CCE distribution in a system
band. Referring to FIG. 7, a plurality of CCEs which are
logically consecutive is input to an interleaver. The inter-
leaver performs a function for interleaving the plurality of
CCEs in REG units. Accordingly, the REGs configuring the
CCE are scattered in the overall frequency/time domain
within the control region of the subframe. In conclusion, the
control channel is constructed in units of a CCE and inter-
leaving is performed in units of an REG, such that frequency
diversity and interference randomization gain can be maxi-
mized.

FIG. 8 illustrates an uplink (UL) subframe structure for use
in an LTE system.

Referring to FIG. 6, the UL subframe may be classified into
a first region to which a physical uplink control channel
(PUCCH) carrying control information is allocated and a
second region to which a physical uplink shared channel
(PUSCH) carrying user data is allocated. The center part of
the subframe is allocated to PUSCH, and both parts of the
data region are allocated to PUCCH in the frequency domain.
Control information transmitted over PUCCH may include
ACK/NACK used in HARQ, a Channel Quality Indictor
(CQI) indicating a downlink channel state, a Rank Indicator
(RI) for MIMO, a scheduling request (SR) acting as a UL
resource allocation request, etc. PUCCH for one UE uses one
resource block (RB) that occupies different frequencies in
each slot of the subframe. That is, two RBs allocated to
PUCCH are frequency-hopped at a boundary between slots.
In particular, as can be seen from FIG. 7, FIG. 7 is a concep-
tual diagram illustrating a relay backhaul link and a relay
access link for use in a wireless communication system. As
can be seen from FIG. 7, PUCCH of m=0, PUCCH of m=1,
PUCCH of m=2, and PUCCH of m=3 are allocated to the
subframe.

The present invention provides an efficient HARQ scheme
for dynamically changing specific radio resources (for
example, downlink resource or uplink resource) allocated
from the eNB to the UE such that it is determined whether the
specific radio resources will be used for downlink or uplink
according to traffic load variation.

First, prior to describing detailed description of the pro-
posed schemes, uplink-downlink configuration defined in the
3GPP LTE-based TDD system will hereinafter be described
in detail.
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Uplink-downlink Downlink-to-Uplink

Subframe number

=3
—
S}
w
N
w

configuration Switch-point periodicity

~
-]
=]

0 5ms D § U U U D
1 5ms D § U U D D
2 5ms D § U D D D
3 10 ms D § U U U D
4 10 ms D § U U D D
5 10 ms D § U D D D
6 5ms D § U U U D

ngggununn

coouocca
cooouoca
gooogouocac

In Table 1, D, U and S are allocated respective subframe
numbers. In more detail, D denotes a downlink subframe, U
denotes an uplink subframe, and S denotes a switching point.
In addition, the following Table 3 shows an uplink subframe
number (index) for controlling a UE to transmit uplink ACK/
NACK of the corresponding downlink signal in the 3GPP
LTE system.

TABLE 3
UL-DL ubframe number
Configuration 0 1 2 3 4 5 6 7 8 9
0 4 7 - - — 9 2 - -
1 7 7 — 8 2 2 —_ — 3
2 7 7 — 2 2 2 — 2 7
3 4 2 _ = = 2 2 3 3 4
4 2 2 —_ — 2 2 3 3 3 3
5 2 2 — 2 2 2 2 2 2 2
6 7 8§ — — — 2 3 — — a4
Specifically, in Table 3, ‘-* indicates configuration of an

uplink subframe, and a number allocated to each subframe
number indicates an uplink subframe index. That is, *-* indi-
cates an uplink subframe index interlocking with the corre-
sponding downlink subframe.

In order to dynamically change the use of specific legacy
radio resources, that is, in order to change a specific radio
resource (for example, UL resource or DL resource) allocated
to the UE to another radio resource for the purpose of UL or
DL purpose according to traffic load variation, additional
UL/DL configuration may be indicated through UE-specific
dedicated RRC signaling (for example, subframe reconfigu-
ration message). Alternatively, the set of subframes changed
from UL subframes to DL subframes and the set of subframes
changed from DL subframes to UL subframes may be simul-
taneously indicated, or the set of subframes changed from DL
subframes to UL subframes may also be indicated. In addi-
tion, for the set of subframes changed from UL subframes to
DL subframes and the set of subframes changed from DL
subframes to UL subframes, additional UL/DL configura-
tions having individual usages may also be indicated.

Alternatively, a specific field of control information trans-
mitted through a physical control channel may be (re)used (or
(re)interpreted) as an indicator, such that the usage of a spe-
cific subframe may be dynamically changed. For example,
the specific field may be a Carrier Indication field (CIF), a
Downlink Assignment Index (DAI) or a UL index.

In this case, the above-mentioned methods are representa-
tive examples of the method for dynamically changing the
usage of specific radio resources, and may perform signaling
of the subframe use variation using other methods.

In addition, the eNB may inform the UE of (position)
information regarding the set of specific radio resources using
a bitmap or the like. The set of specific radio resources may
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dynamically change the use of radio resources through RRC
signaling. Thereafter, the eNB may inform the UE of specific
information as to whether the use of a specific radio resource
set indicated through RRC signaling using a specific field (for
example, CIF or DAI, or UL index) of a control channel. That
is, the eNB may also inform the UE of activation or deacti-
vation of such change using the specific field of the control
channel. For example, assuming that the set of UL subframes
designated through RRC signaling is composed of UL sub-
frame #a and UL subframe #b, the eNB may inform the UE of
specific information as to whether the use of the set of radio
resources is changed using a specific field of a 1-bit sized
control channel. That is, if the specific field is set to 1, this
means that UL subframe #a and UL subframe #b are respec-
tively changed to DL subframe #a and DL subframe #b. If the
specific field is set to zero (0), this means that the subframe #a
and the subframe #b are used for the purpose of uplink pur-
pose for initialization.

Needless to say, specific information indicating whether
the use of individual radio resources constructing the specific
radio resource set is changed may be indicated through a
specific field (for example, CIF or DAI, or UL index) of a
control channel. For example, assuming that the set of UL
subframes designated by RRC signaling is composed of UL
subframe #a and UL subframe #b, it may be possible to
indicate information as to whether the use of an individual
radio set is changed using the 2-bit sized information. For
example, if the specific field is set to 11, this means that the
subframe #a and the subframe #b are used as DL subframes.
If'the specific field is set to 10, this means that the subframe #a
is used as a DL subframe and the subframe #b is used as a UL
subframe. In addition, if the specific field is set to 01, this
means that the subframe #a is used as the UL subframe and
the subframe #b is used as the DL subframe. If the specific
field is set to 00, this means that both the subframe #a and the
subframe #b are used as UL subframes for the purpose of
initialization.

In addition, assuming that the UL grant is not received at
SF #(n—-4) in the subframe (for example, SF #n), the usage of
which can be dynamically changed (for example, the use of
UL resource can be changed to DL, communication use), if the
UL grant is not received at SF #(n—4), blind decoding (BD) is
primarily performed at the corresponding subframe (for
example, SF #n), such that the specific field can be detected.

In addition, the eNB may inform the UE of the set of a
plurality of specific radio resources (i.e., the set of candidates)
through which the use of legacy radio resources can be
dynamically changed through RRC signaling, and may also
inform the UE of the set of radio resources to which the use
change is applied using a specific field of a control channel.

Although the following embodiments will assume the case
of'indicating whether a dynamic subframe is changed through
UE-specific RRC signaling for convenience of description,
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the other case of indicating whether a dynamic subframe is
changed can also be applied to the following embodiments.

FIG. 9 shows an example for implementing a subframe
dynamic change through dedicated RRC signaling in an LTE
TDD system. Specifically, referring to FIG. 9, UE 1 and UE 2
are operated in UL/DL configuration #3, and UE 1 denotes a
UE (i.e., Advanced-UE (A-UE)) for dynamically changing
the use of a subframe. UE 2 denotes a UE (i.e., legacy UE) for
dynamically maintaining UL/DL configuration allocated
through a legacy SIB (System Information Block) without
change.

Referring to FIG. 9, assuming that UE 1 receives a sub-
frame reconfiguration message for indicating UL/DL con-
figuration #4 at DL subframe #9, this means that the use of a
legacy subframe #4 is dynamically changed from uplink use
to downlink use.

However, when the use of a specific radio resource is
dynamically changed according to the above-mentioned
scheme, it is impossible to guarantee the HARQ process of
legacy UL/DL configuration without change. For example,
according to the legacy UL/DL configuration #3, when a
PHICH of UL subframe #4 is received as NACK at DL
subframe #0, it is impossible to retransmit UL subframe #4 as
shown in FIG. 9, because the UL subframe #4 is changed to
DL subframe #4. That is, it is impossible for the UL HARQ
process linked to UL subframe #4 to be normally operated.

Accordingly, when the LTE TDD system uses a method for
dynamically changing the use of a specific radio resource
allocated from the eNB to the UE, the present invention
provides a method for efficiently supporting the UL/DL
HARQ operation.

First Embodiment

If the use of specific radio resources is dynamically
changed using dedicated RRC signaling (i.e., subframe
reconfiguration message), the UE starts operation from a
reception time (SF #n) of the subframe reconfiguration mes-
sage indicating UL/DL configuration #x, and then terminates
the UL HARQ processes based on the legacy UL/DL con-
figuration (for example, UL/DL configuration #y) incapable
of guaranteeing the UL HARQ timeline using the UL/DL
configuration #x.

For example, from among UL HARQ processes based on
the legacy UL/DL configuration #y, UL HARQ processes
associated with the legacy UL subframe #a, the use of which
is dynamically changed by the UL/DL configuration #x, are
terminated. For example, the legacy UL subframe #a is
changed to DL subframe #a. In this case, the UE may assume
that successful UL data (i.e., ACK) transmission of the ter-
minated UL HARQ processes based on UL/DL configuration
#y has been achieved, and may then report the ACK to a
higher layer. For convenience of description, all UL HARQ
processes instead of individual UL HARQ processes may
also be terminated as necessary.

The termination operation may refer to the UE operation in
which a PHICH (i.e., SF #m (where, m<n)) received before a
reception time (SF #n) or a PHICH (i.e., SF #k (where, n<k))
to be received after the reception time (SF #n) at which the UE
receives a subframe reconfiguration message may not be con-
sidered as ACK or may not be decoded, such that the PHICH
may be considered as ACK at all times.

In accordance with another scheme for terminating UL
HARQ processes, the eNB may transmit a PHICH of the
terminated UL HARQ processes to the UE.

In addition, a specific time point (SF #p) to which the
additionally allocated UL/DL configuration #a and associ-
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ated UL HARQ operations are actually applied may include a
reception time (SF #n) at which the UE receives the subframe
reconfiguration message, and begins with a first SF (SF #k)
(of the first SFN) located after a specific time at which a
subframe pattern length (or period) of the legacy UL/DL
configuration #y is completed after SF #n. For example,
assuming that the UE receives a subframe reconfiguration
message indicating UL/DL configuration #4 at DL subframe
#7 under the same situation as in FIG. 9, the additionally
allocated UL/DL configuration #4 and associated HARQ pro-
cess operation are actually applied to subframes starting from
the nearest DL subframe #0 located after DL subframe #7.

FIG. 10 shows an example of using an uplink HARQ
operation according to a first embodiment.

Referring to FIG. 10, when the subframe reconfiguration
message indicating UL/DL configuration #4 is received at DL,
subframe #8, the UL HARQ timeline regarding the legacy
UL/DL configuration #3-based UL subframe #4 cannot be
guaranteed using the additionally allocated UL/DL configu-
ration #4, such that the associated HARQ process is termi-
nated.

In this case, the UE does not implicitly decode a PHICH
(i.e., DL subframe #0) of the UL subframe #4 based on the
legacy UL/DL configuration #3, and always considers the
PHICH to be ACK. In addition, a specific time at which the
additionally allocated UL/DL configuration #4 is actually
applied may start from the nearest DL subframe #0 located
after DL subframe #8 according to the above-mentioned
scheme.

Second Embodiment

(1) When the use of specific radio resource having been
allocated is dynamically changed, after a subframe reconfigu-
ration message indicating UL/DL configuration #x is
received at SF #n, the UL/DL configuration #x and a specific
time (SF #p) at which the UL HARQ process operation is
applied may correspond to a first subframe located after a
termination time point of “repetition period of a UL subframe
pattern used by one UL HARQ process” of the legacy UL/DL
configuration #y. For convenience of description, “repetition
period of the UL subframe pattern used by one UL HARQ
process” is referred to as a repetition period.

For reference, the repetition period under the 3GPP LTE
TDD system environment may be set to 70 ms at UL/DL
configuration #0, 60 ms at UL/DL configuration #6, and 10
ms at UL/DL configuration #1, #2, #3, #4, or #5. Specifically,
in the case of UL/DL configuration #0, the UL subframe
pattern used by one UL HARQ process may include UL
subframe #2 for initial UL transmission, and is repeated in the
order of UL subframe #3—UL subframe #4—UL subframe
#7—UL subframe #8—UL subframe #9—UL subframe #2.
In this case, the repetition period is the sum of intervals
among individual UL subframes, and is denoted by 70 ms
E11+11413+11411+13).

In accordance with another scheme, a specific time at
which the additionally allocated UL/DL configuration #a and
associated UL HARQ operations are actually applied may be
denoted by a specific period T separately from the repetition
period of the legacy UL/DL configuration #y. In this case, the
above-mentioned repetition period may be repeated with a
predetermined start time (for example, subframe #0 of a radio
frame index #0).

After the repetition period or a separate specific period T is
repeatedly applied on the assumption that the legacy UL/DL
configuration #y is applied to radio frames starting from a
radio frame of SFN=0, a start point (or reference point) of the
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above repetition period or the separate specific period T
includes a specific time SF #n at which the subframe recon-
figuration message is received, and may be set to a first
subframe of a radio frame having the nearest first SFN located
after the lapse of a time at which the repetition period or
separate specific period T is completed. In this case, the SFN
has an yone of integer values from 0 to 1023, 1024 radio
frames have a length of 10240 ms, and the SFN is repeated at
intervals of the length 10240 ms.

For example, on the assumption that the UE receives the
subframe reconfiguration message indicating UL/DL con-
figuration #4 at DL subframe #6 under the same situation as in
FIG. 9, a start point of the repetition period of the legacy
UL/DL configuration #3 according to the above-mentioned
method is set to DL subframe #0 located at the nearest posi-
tion before the position of DL subframe #6. Therefore, a
specific time at which the additionally allocated DL/UL con-
figuration #4 and associated UL HARQ process operation are
applied is set to DL subframe #0 located at the nearest posi-
tion after the position of DL subframe #6.

FIG. 11 shows an example of using an uplink HARQ
operation according to a second embodiment. Specifically,
the subframe reconfiguration message is received at DL sub-
frame #5 as shown in FIG. 11, differently from FIG. 10.

Referring to FIG. 11, the repetition period of the legacy
UL/DL configuration #3 is set to 10 ms, and a completion
time of the corresponding repetition period according to the
above scheme is set to #9. Therefore, although the subframe
reconfiguration message indicating UL/DL configuration #4
is received at DL subframe #5, a specific time at which the
additionally allocated UL/DL configuration #4 and associ-
ated UL HARQ process operation are applied may be set to
DL subframe #0 located at the nearest position after the
position of DL subframe #5.

In addition, it is impossible to guarantee a UL HARQ
timeline of UL subframe #4 based on the legacy UL/DL
configuration #3 using the additionally allocated UL/DL con-
figuration #4, and the uplink HARQ process is terminated
according to the proposed scheme. In this case, the UE does
not implicitly decode a PHICH (i.e., DL subframe #0) of UL
subframe #4 based on the legacy UL/DL configuration #3,
and always considers the PHICH as an ACK.

(2) In another scheme, in order to allow the eNB to inform
the UE of a specific time (SF #p) at which the additionally
allocated UL/DL configuration #x and associated UL HARQ
process operation are applied, the eNB may inform the UE of
additional signaling information including not only a sub-
frame reconfiguration message indicating UL/DL configura-
tion #x but also activation time (G) information through
higher layer signaling. In this case, the UE, that has received
the additional signaling information including the subframe
reconfiguration message and the activation time (G) informa-
tion at SF #n, may apply the additionally allocated UL/DL
configuration #x and associated UL HARQ process operation
at a time starting from SF #(n+G+1).

For example, assuming that the UE receives additional
higher layer signaling including not only a subframe recon-
figuration message indicating UL/DL configuration #4 but
also the activation time G of 3 at DL subframe #6 under the
same situation of FI1G. 9, a specific time (located at the nearest
position after DL subframe #6) to which UL/DL configura-
tion#4 and associated UL HARQ process are actually applied
may start from DL subframe #0.

On the contrary, according to a second embodiment, after
completion of the legacy UL/DL configuration #y-based UL
HARQ processes incapable of guaranteeing UL HARQ time-
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line using the additionally allocated UL/DL configuration #x,
a new HARQ process operation can be carried out.

For example, UL HARQ processes associated with the
subframe #a (for example, legacy UL subframe #a is changed
to DL subframe #a), the use of which is changed from uplink
to downlink by UL/DL configuration #x from among the
legacy UL/DL configuration #y-based UL HARQ processes,
are terminated. In this case, the UE assumes that UL data (i.e.,
ACK) is successfully transmitted in association with the ter-
minated UL HARQ processes based on UL/DL configuration
#y, such that it may report the ACK to a higher layer. Alter-
natively, for convenience of description, the above operations
are not terminated per UL HARQ process, and all UL HARQ
processes may be terminated.

The termination operation may refer to the UE operation in
which a PHICH (i.e., SF #i (where, i<p)) received before a
first SF (SF #p) or a PHICH (i.e., SF # (where, p=j)) to be
received after the first SF (SF #p) at which a repetition period
of the legacy UL/DL configuration #y or a separately-estab-
lished specific period T is completed, may not be considered
as ACK or may not be decoded, such that the PHICH may be
considered ACK at all times.

In addition, in accordance with still another scheme in
which the legacy UL/DL configuration #y-based UL HARQ
processes incapable of guaranteeing UL HARQ timeline
using UL/DL configuration #x are terminated, the eNB may
transmit a PHICH regarding the corresponding terminated
UL HARQ processes as ACK.

In accordance with the above-mentioned first and second
embodiments, the UE may always consider a PHICH of the
terminated UL HARQ processes as ACK. Therefore, a
PHICH of the legacy UL/DL configuration #y-based UL
HARQ processes incapable of guaranteeing UL HARQ time-
line may not be implicitly decoded using UL/DL configura-
tion #x being additionally allocated by the subframe recon-
figuration message.

In addition, the eNB may inform the UE of not only addi-
tional 1-bit RRC signaling information for activating or deac-
tivating a PHICH decoding operation (of the terminated UL
HARQ processes) but also the subframe reconfiguration mes-
sage, or may independently inform the UE of each of the
additional 1-bit RRC signaling information and the subframe
reconfiguration message, such that the same operation can be
implemented by the eNB and the UE. In this case, the UE may
limit the application range of PHICH decoding deactivation
or activation signaling received from the eNB through RRC
signaling to the terminated UL HARQ processes based on the
legacy UL/DL configuration #y. For example, the UE having
received PHICH decoding deactivation signaling considers
successful UL data transmission, and may perform UL
retransmission according to whether a New Data Indication
(NDI) value contained in DL control information is toggled.

Third Embodiment

In accordance with the third embodiment, in order to
dynamically change the use of specific conventionally allo-
cated radio resources, the eNB may inform the UE of a
subframe pattern (i.e., UL/DL configuration combination)
composed of N UL/DL subframe configurations (where N=1
or N>1) through dedicated RRC signaling (i.e., a subframe
reconfiguration message), and the UE having received the
above information is operated by repeated application of the
UL/DL subframe configuration combination. In this case, the
UE and eNB may (implicitly) assume that the length (i.e., a
pattern length (T_p)) of UL/DL configuration combination is
denoted by 10*N (ms).
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FIG. 12 shows an example for dynamically changing
UL/DL configuration according to a third embodiment. For
convenience of description, the legacy UL/DL configuration
#y of FIG. 12 is denoted by C.

Referring to FIG. 12, the eNB may inform the UE of
UL/DL configuration combination (AAABBB) composed of
6 UL/DL configurations through a reconfiguration message
(based on higher layer signaling), and the UE having received
the above information is operated by implicitly repeating the
UL/DL configuration combination (AAABBB) at intervals of
60 ms.

In another scheme, the eNB may explicitly inform the UE
of the UL/DL configuration combination and the pattern
length (T_p) thereof through dedicated RRC signaling. For
example, the eNB may inform the UE of information on the
pattern length (T_p) of the UL/DL configuration combina-
tion. Inthis case, the pattern length (T_p) is divided by 10, and
the divided value is converted into a binary value. The UE
having the above information may consider the resultant
value to be the pattern length (T_p) of the UL/DL configura-
tion combination. In this case, if the corresponding informa-
tion is converted into a decimal number and the decimal
number is multiplied by 10, the resultant value can be
obtained.

A specific time (SF #p) to which a UL/DL configuration
combination and associated UL HARQ process operation are
applied may include a specific time (SF #n) at which the
subframe reconfiguration message is received, after the
UL/DL configuration combination starting from the radio
frame of SFN=0 is repeated applied during the time (T_p),
and may begin with a first subframe of a radio frame having a
first SEFN located after the earliest time at which T_p is com-
pleted.

In accordance with another scheme, a specific time (SF #9)
at which a UL/DL configuration combination and associated
UL HARQ process operation are applied may include a time
(SF #n) at which the subframe reconfiguration message is
received, after the legacy UL/DL configuration #y is repeat-
edly applied to radio frames starting from a radio frame of
SFN=0 on the basis of the repetition period or (predeter-
mined) specific period T, and may begin with a first subframe
of a radio frame having a first SFN located after the earliest
time at which the repetition period or (predefined) specific
period T is completed.

In accordance with another scheme, a specific time (SF #p)
to which UL/DL configuration combination and associated
UL HARQ process operations are applied, may include a
specific time (SF #n) at which the subframe reconfiguration
message is received, and may begin with a first subframe #k
(of aradio frame having a first SFN) located after the earliest
time at which the SF pattern period (for example, 10 ms) of
the legacy UL/DL configuration #y is completed. For
example, assuming that the UE receives the subframe recon-
figuration message at DL subframe #8 under the same situa-
tion as in FIG. 9, a specific time at which UL/DL configura-
tion combination and associated UL HARQ process
operation are applied may start from DL subframe #0 located
at the nearest position located after the position of the DL
subframe #8.

In addition, in order to allow the eNB to inform the UE of
a specific time (SF #p) at which the UL/DL configuration
combination and associated UL HARQ process operation are
applied, the eNB may inform the UE of additional signaling
information including not only UL/DL configuration infor-
mation but also activation time (G) information through
higher layer signaling. In this case, the UE, that has received
the additional signaling information including UL/DL con-
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figuration information and activation time (G) information at
SF #n, may apply the additionally allocated UL/DL configu-
ration #x and associated UL HARQ process operation at a
time starting from SF #(n+G+1).

For example, assuming that the UE receives additional
higher layer signaling including not only UL/DL configura-
tion combination but also the activation time of G=1 at DL
subframe #8 under the same situation of FIG. 9, a specific
time (located at the nearest position after DL subframe #8) to
which the UL/DL configuration combination and associated
UL HARQ process are actually applied may start from DL
subframe #0.

In addition, if a current combination is changed to UL/DL
configuration combination at the legacy UL/DL configura-
tion #y, or if UL/DL configuration change occurs within the
UL/DL configuration combination, the legacy UL/DL con-
figuration-based UL, HARQ processes incapable of guaran-
teeing UL HARQ timeline are terminated using the changed
UL/DL configuration. In this case, the UE may assume that
successful UL data (i.e., ACK) transmission of the terminated
UL HARQ processes based on UL/DL configuration has been
achieved, and may then report the ACK to a higher layer. For
convenience of description, all UL HARQ processes instead
of'individual UL HARQ processes may also be terminated as
necessary.

In the same manner as in the first and second embodiments,
on the basis of a specific time (SF #p) at which the changed
UL/DL configuration and associated UL HARQ process are
actually applied, or on the basis of another specific time (SF
#n) at which the subframe reconfiguration message is
received, the termination operation may consider a PHICH
(i.e., SF #i, where i<p or i<n) received before the above
specific time or a PHICH (i.e., SF #j, where p=j or n<j)) to be
received after the above specific time as an ACK or may not
decode the PHICH, and may always consider the PHICH to
be the ACK. Specifically, the termination operation per-
formed when the UL/DL configuration change occurs within
UL/DL configuration combination may not consider a
PHICH (i.e., SF #1, where i<f) received before a specific time
at which UL/DL configuration change occurs, or a PHICH
(i.e., SF #j, where fxj) to be received after the specific time to
be an ACK, or may not decode the PHICH, and may always
consider the PHICH to be the ACK.

In this way, a third embodiment may also control the eNB
to transmit a PHICH of the corresponding terminated UL
HARQ process as an ACK according to another scheme in
which the legacy UL/DL configuration-based UL HARQ
processes incapable of guaranteeing the UL HARQ timeline
are terminated using the changed UL/DL configuration.

Fourth Embodiment

In accordance with the fourth embodiment, when the use of
a specific radio resource allocated from the eNB to the UE is
dynamically changed in the TDD system, the fourth embodi-
ment proposes a method for controlling the UE to efficiently
transmit UL ACK/NACK. That is, the fourth embodiment
proposes a UL ACK/NACK transmission timeline. For con-
venience of description, the legacy UL/DL configuration is
defined as UL/DL configuration #y, and UL/DL configura-
tion additionally allocated by the subframe reconfiguration
message is defined as UL/DL configuration #x.

In addition, the following UL ACK/NACK transmission
timeline can be applied to all of the above-mentioned embodi-
ments, and may be shared with higher layer signaling or the
like before the above-mentioned embodiments are applied
between the eNB and the UE. Alternatively, the UL ACK/
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NACK transmission timeline may be implicitly recognized
between the eNB and the UE according to application or
non-application of the above-mentioned embodiments.

A-1) If UL SF #n acting as a UL resource is changed to a
DL resource (for example, DL SF #n), UL ACK/NACK of'the
legacy (UL/DL configuration based) DL resources inter-
locked to transmit the UL ACK/NACK through UL SF #n
may be transmitted at the nearest available UL SF satistying
UL SF #(n+p) (where, p=1, p is an integer).

In this case, “available UL SF’ may denote 1) a UL SF to be
used for transmission of the legacy UL ACK/NACK trans-
mission, or may denote ii) all UL SFs configured by UL-DL
configuration.

A-2)In addition, from among UL subframes #i (where i<z)
located before a specific time (SF #z) at which the addition-
ally allocated UL/DL configuration #x and associated UL
HARQ process operation are actually applied, UL ACK/
NACK of the remaining DL subframes other than DL sub-
frames interlocked with UL SF #n of the above case A-1 may
be based on UL ACK/NACK timeline of the legacy UL/DL
configuration #y. In addition, UL ACK/NACK of DL sub-
frame #j (where j=7) located after a specific time (SF #z) at
which UL/DL configuration #x and associated UL HARQ
process operation are actually applied may be based on UL
ACK/NACK of UL/DL configuration #x.

A-3) UL ACK/NACK of DL subframes interlocked to
transmit UL ACK/NACK through UL subframe #h (where
h=7) located after a specific time (SF #z) to which the addi-
tionally allocated UL/DL configuration #x and associated UL
HARQ process operation are actually applied may be based
on UL ACK/NACK timeline of UL/DL configuration #x. In
this case, DL subframes may include DL subframes inter-
locked with UL SF #n ofthe above case A-1. Furthermore, UL
ACK/NACK of DL subframes interlocked to transmit UL
ACK/NACK through UL subframe #t (where t<z) located
before a specific time (SF #z) to which UL/DL configuration
#x and associated UL HARQ process operation are actually
applied may be based on UL ACK/NACK timeline of the
legacy UL/DL configuration #y. In another scheme, DL sub-
frames interlocked with UL SF #n may be limited to excep-
tionally satisfy the above scheme A-1 as necessary.

B-1) If UL resource (i.e., UL subframe #n) is changed to
DL resource (i.e., DL subframe #n), UL ACK/NACK of DL
subframe #n may be transmitted through (the nearest) avail-
able UL SF satisfying UL subframe #(n+k) (where k=4, k is
an integer). Likewise, “available UL SF” may denote i) a UL
SF to be used for legacy UL ACK/NACK transmission, or
may denote ii) all UL SFs configured by UL-DL configura-
tion.

B-2) Alternatively, UL ACK/NACK of DL subframe #n
(generated by the changed use of UL subframe #n) may also
follow UL ACK/NACK timeline of the additionally allocated
UL/DL configuration #x.

C) If UL resource (i.e., UL subframe #n) is changed to DL
resource (i.e., DL subframe #n), UL ACK/NACK of DL sub-
frame #n may be configured to satisfy UL ACK/NACK trans-
mission timing of UL-DL configuration satisfying all or some
of'the following specific conditions within the scope of a total
candidate aggregation (i.e., UL/DL configurations #0~#6 of
Table 2) capable of being designated by UL/DL configura-
tion.

In this case, examples of the specific condition may be
configured to satisfy UL ACK/NACK timeline of the follow-
ing UL-DL configurations (1), (2), and (3). In more detail, the
UL-DL configuration (1) is a UL-DL configuration in which
the corresponding UL SF #n is allocated as DL SF #n. The
UL-DL configuration (2) is a UL-DL configuration for guar-
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anteeing the fastest UL ACK/NACK transmission timeline
satisfying UL subframe #m (where, m=(n+4)), and the UL-
DL configuration (3) allows candidate UL subframes config-
ured by UL subframe #m (where, m=(n+4)) to satisfy condi-
tions limited to a subset of the UL subframe set allocated by
UL/DL configuration #x.

In addition, according to the above-mentioned scheme (C),
if UL resource (i.e., UL subframe #n) is changed to DL
resource (i.e., DL subframe #n), the scheme (C) may be used
to establish each (or all) UL ACK/NACK timeline(s) of the
legacy UL/DL configuration #y-based DL subframes inter-
locked to transmit UL ACK/NACK through UL subframe #n.

Fifth Embodiment

X) UL/DL configuration #x additionally allocated through
dedicated RRC signaling (i.e., subframe reconfiguration mes-
sage) may be used for one purpose for dynamically changing
the use of specific radio resources of the legacy UL/DL con-
figuration #y designated as SIB, or may also be used for the
other purpose (for example, measurement purpose such as
RSRQ, RSRP or RLM, or HARQ timeline) of the legacy
UL/DL configuration #y.

For example, only a specific part from among the HARQ
operation of UL/DL configuration #y designated as SIB may
be operated according to UL/DL configuration #x different
from that of the HARQ timeline defined in the legacy UL/DL
configuration #y. That is, all or some parts of the relationship
between a reception time of a UL grant and PHICH of the
legacy UL/DL configuration #y and a PUSCH transmission
time, the relationship between a PUSCH transmission time
and a PHICH reading time, and the relationship between a
PDSCH reception time and a UL ACK/NACK transmission
time may be operated according to the additionally allocated
UL/DL configuration #x.

In another scheme, the above operation may be achieved
according to only UL-DL configuration #y designated as
legacy SIB for measurement usage such as RSRQ, RSRP, or
RLM. For example, the measurement process may be per-
formed only under a DLL SF based on the legacy UL-DL
configuration #y. In another example, during the measure-
ment process, a common DL subframe between the legacy
UL/DL configuration #y (designated as SIB) and the addi-
tionally allocated UL/DL configuration #x may be used as
necessary.

Y) In another example, when individual component carri-
ers (CCs) are configured to use different UL/DL configura-
tions under the carrier aggregation (CA) environment and
cross carrier scheduling (CCS) of a secondary component
carrier (SCell) is performed at PCell, the UL/DL configura-
tion #x additionally allocated through dedicated RRC signal-
ing may be used for a specific purpose only (for example,
measurement such as RSRQ, RSRP, or RLM, or HARQ time-
line) from among the legacy UL/DL configuration operation
per CC.

That is, only a specific part of the HARQ operation of the
legacy per-CC UL/DL configuration may satisfy the HARQ
timeline defined in the legacy per-CC UL/DL configuration
and other UL/DL configuration #x. For example, all or some
parts of the relationship between a reception time of UL grant
and PHICH of the legacy per-CC UL/DL configuration and a
PUSCH transmission time, the relationship between a
PUSCH transmission time and a PHICH reading time, and the
relationship between a PDSCH reception time and a UL
ACK/NACK transmission time may be operated according to
the additionally allocated UL/DL configuration #x.
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In addition, a total number of additionally allocated UL/DL
configurations #x may be set to 1 (that is, if all component
carriers use a single specific common UL/DL configuration
that is additionally allocated), may be set to a total number of
secondary component carriers (that is, if SCell separately
uses different UL/DL configurations having been allocated
several times corresponding to a total number of SCells
through dedicated RRC signaling), or may also be set to a
total number of component carriers (that is, if all component
carriers individually use different UL/DL configurations hav-
ing been allocated several times corresponding to a total
number of component carriers through dedicated RRC sig-
naling).

Sixth Embodiment

The sixth embodiment provides an ACK/NACK transmis-
sion method for controlling a UE to efficiently transmit UL
ACK/NACK when the use of specific radio resources allo-
cated from the eNB to the UE is dynamically changed in the
TDD system. For convenience of description in the following,
the legacy UL/DL configuration is defined as UL/DL con-
figuration #y, and UL/DL configuration additionally allo-
cated by the subframe reconfiguration message is defined as
UL/DL configuration #x. Likewise, the following ACK/
NACK transmission method of the UE can be applied to all of
the above-mentioned embodiments.

If a specific radio resource is dynamically changed for DL
or UL purpose, the UE may implicitly change the legacy
ACK/NACK transmission scheme notified through a higher
layer according to a variation of the number of DL subframes
interlocked with UL subframe. As a result, before a specific
time (SF #z) at which the additionally allocated UL/DL con-
figuration #x is actually applied, UL ACK/NACK transmis-
sion of a DL subframe operated by UL ACK/NACK timeline
based on another UL/DL configuration but not UL ACK/
NACK timeline of UL/DL configuration #x can be guaran-
teed.

For example, when UL subframe #n is changed to DL
subframe #n, UL ACK/NACK transmission of the legacy
UL/DL configuration #y-based DL subframes interlocked to
transmit UL ACK/NACK through UL subframe #n can be
guaranteed. In this case, the changed ACK/NACK transmis-
sion scheme may be applied only to UL subframe #g of a
specific time for which the changed ACK/NACK transmis-
sion scheme is needed, may always be applied to ACK/NACK
transmission at a subsequent UL subframe #m (where m=g)
including UL subframe #g. In addition, the UE may first
follow the legacy ACK/NACK transmission scheme within
the range of a maximum number of DL subframes interlocked
with UL subframes supporting the legacy ACK/NACK trans-
mission scheme.

In more detail, the eNB may recognize whether the UE will
be operated according to the legacy ACK/NACK transmis-
sion scheme or other schemes, on the basis of “used or non-
used state” and “application position” of the above-men-
tioned embodiments. In this case, the used change rule may be
exemplarily defined as “PUCCH format la/1b—channel
selection scheme—PUCCH format 3”, “PUCCH format
la/1b—channel selection scheme—ACK/NACK bundling”,
or “PUCCH format la/lb—channel selection scheme or
ACK/NACK bundling or PUCCH format 3”.

In this case, since ACK/NACK resources of PUCCH for-
mat 3 are decided through higher layer signaling, the eNB
may preallocate the ACK/NACK resource for PUCCH format
3 to the UE on the condition that there is a high probability of

15

25

35

40

45

20

employing PUCCH format 3 when the above proposed
schemes are applied under a specific UL-DL configuration.

In accordance with the rule for changing the ACK/NACK
transmission scheme to be used by UE, rules for changing
multiple ACK/NACK transmission schemes may be pre-con-
figured and shared between the eNB and the UE before the
above-mentioned embodiments are used, and the eNB may
inform the UE of signaling information of bit information
corresponding to a specific rule through higher layer signal-
ing. Alternatively, after only one rule of changing the ACK/
NACK transmission scheme is shared between the eNB and
the UE, the eNB may inform the UE of'higher layer signaling
activating this rule. Alternatively, after one rule is shared
between the eNB and the UE, the eNB may inform the UE of
higher layer signaling (for example, 1-bit higher layer signal-
ing) for activating this rule.

Alternatively, the above-mentioned scheme may be
changed only to one specific ACK/NACK transmission
scheme under the condition that the legacy ACK/NACK
transmission scheme must be changed. For example, PUCCH
format 3 is established according to one specific ACK/NACK
transmission scheme, and the eNB may inform the UE of the
corresponding ACK/NACK resources through higher layer
signaling.

Seventh Embodiment

A specific subframe (for example, SF #e) may be used as a
UL subframe in the legacy UL/DL configuration #y desig-
nated by SIB, and may be used as a DL subframe on the
additionally allocated UL/DL configuration #x. In this case,
although the corresponding SF #e is used as a DL subframe
according to UL/DL configuration #x, a control channel such
as PDCCH may not be transmitted at SF #e.

In this case, the eNB may perform PDSCH mapping start-
ing from a first symbol at SF #e at which a control channel
such as PDCCH is not transmitted, or the eNB may pre-
inform the UE of the position of a specific start symbol
through higher layer signaling or a predetermined scheme,
such that the eNB may perform PDSCH mapping. In addi-
tion, similar to a start symbol associated with PDSCH map-
ping, if the position of a mapping termination symbol of
PDSCH is ended before the last symbol (for example, it may
be impossible for the last symbol to be used for the purpose of
Tx-Rx switching of the eNB or UE or for the (aperiodic or
periodic) SRS transmission purpose of the UE), the position
of the termination symbol may be shared between the eNB
and the UE through higher layer signaling (or physical layer
signaling) or the predetermined scheme.

In addition, assuming that UL subframe #n is changed to
DL subframe #n, all CRSs (for example, CRS located in both
the control region and the data region) may not be transmitted
within DL subframe #n, or CRS (for example, CRS located
only in data (or control) region) of a specific region may not
be transmitted. Alternatively, PDCCH may not be transmitted
from the eNB. In another scheme, assuming that UL sub-
frame #n is changed to DL subframe #n, a specific rule in
which DL subframe #n is operated as an MBSFN subframe
may be shared and established between the eNB and the UE.
In still another scheme, assuming that UL subframe #n is
changed to DL subframe #n, the eNB may inform the UE of
specific information indicating that DL subframe #n is oper-
ated as an MBSFN subframe through additional signaling
(i.e., a specific field (e.g., CIF or DAI, or UL index) of a
physical control channel or higher layer signaling). The above
characteristics can be applied to the above-mentioned
embodiments.
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In addition, assuming that UL subframe #n is changed to
DL subframe #n, the last one or more symbols of the corre-
sponding DL subframe #n may not be used for PDSCH trans-
mission. For example, the purpose of Tx-Rx switching
between the eNB and the UE or the (aperiodic or periodic)
SRS transmission purpose of a UE may be used as an
example. In addition, before UL subframe #n is changed to
DL subframe #n, the UL subframe #n may be set to UL
subframe contained in cell-specific SRS (or UE-specific
SRS) configuration information. In this case, the number (or
the position of mapping termination symbol) of symbols
incapable of being used for PDSCH information mapping
from among symbols of DL subframe #n may be shared (in
advance) between the eNB and the UE through either higher
layer signaling (or physical layer signaling) or the predeter-
mined scheme.

In accordance with the above-mentioned embodiments, the
eNB may inform the UE of additional UL/DL configuration
#x through dedicated RRC signaling, such that the eNB may
decide a predetermined rule in a manner that the eNB can be
used only for a specific purpose (for example, measurement
purpose such as RSRQ, RSRP or RLM, or HARQ timeline) of
the operation of legacy UL/DL configuration #y designated as
SIB.

For example, only a specific part from among the HARQ
operation of UL/DL configuration #y designated as SIB may
be operated according to UL/DL configuration #x different
from that of the HARQ timeline defined in the legacy UL/DL
configuration #y. That is, all or some parts of the relationship
between a reception time of a UL grant and PHICH of the
legacy UL/DL configuration #y and a PUSCH transmission
time, the relationship between a PUSCH transmission time
and a PHICH reading time, and the relationship between a
PDSCH reception time and a UL ACK/NACK transmission
time may be operated according to the additionally allocated
UL/DL configuration #x.

The above-mentioned embodiments may be used for UEs
located at a cell edge receiving interference under the condi-
tion that UL/DL configuration between contiguous cells is
different. In addition, the concept of the present invention
may be extended to the carrier aggregation (CA) scheme (i.e.,
in-band CA scheme or out-band CA scheme).

The concept of the present invention can be extended to the
case in which carrier aggregation (CA) is applied. For
example, the above concept of the present invention can also
be applied to the case in which a specific CC may be com-
monly applied to a plurality of cells and the usage of the
corresponding CC is independently established per cell. In
addition, the above embodiments can also be applied to the
case in which the usage of a specific legacy radio resource of
a Secondary CC (SCC) is changed to another usage using
Cross Carrier Scheduling (CCS) at a Primary CC (PCC).

The concept of the present invention can also be extended
to the case in which PDCCH or E-PDCCH based communi-
cation is performed. In addition, assuming that the extension
carrier is used for additional communication, the concept of
the present invention can be applied to the case in which the
usage of radio resources of the corresponding extension car-
rier is established, and can also be applied to the other case in
which the inter-cell interference reduction coordinated opera-
tion is designed to share the extension carrier.

If it is impossible to perform UL/DL communication at a
position of a specific resource (time/frequency) for various
reasons, the concept of the present invention can be extended
to a method for solving the HARQ (or CSI reporting) prob-
lem. For example, assuming that an Almost Blank Subframe
(ABS) is used to solve the inter-cell interference problem
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encountered in communication between the receiver and the
transmitter, if UL-DL configurations of respective compo-
nent carriers (CCs) used for communication between the
transmitter and the receiver are different from each other, and
if ABS configurations of respective CCs used for communi-
cation between the receiver and the transmitter are different
from each other, the above-mentioned embodiments can be
applied to the case in which (time/frequency) resources valid
for communication between the receiver and the transmitter
are not established (more specifically, in the case of commu-
nication between the eNB and the relay node, or communi-
cation between the relay node and the UE), or can also be
applied to the other case in which the usage of (predefined)
specific resource of each CC used for communication
between the receiver and the transmitter is (dynamically)
changed according to a system load state.

The proposed schemes may perform D2D (Device-to-De-
vice) communication at a specific band allocated for commu-
nication usage under the D2D communication environment,
or may change the usage of (cell) specific predefined radio
resource such that the above schemes can be extended to the
case of reusing D2D communication.

FIG. 13 is a block diagram illustrating a communication
device according to embodiments of the present invention.

In FIG. 13, the communication device 1300 includes a
processor 1310, a memory 1320, a Radio Frequency (RF)
module 1330, a display module 1340, and a user interface
(UI) module 1350.

The communication device 1300 is disclosed for illustra-
tive purposes only and certain modules may also be omitted
from the communication device 1300 as necessary. In addi-
tion, the communication device 1300 may further include
necessary modules. Some modules of the communication
device 1300 may be identified as more detailed modules. The
processor 1310 is configured to carry out the operations of the
embodiments of the present invention. For detailed opera-
tions of the processor 1310 reference may be made to FIGS.
1to12.

The memory 1320 is connected to the processor 1310, and
stores an operating system, applications, program code, data
and the like. The RF module 1330 is connected to the proces-
sor 1310 and converts a baseband signal into a radio fre-
quency (RF) signal, or converts the RF signal into the base-
band signal. For these operations, the RF module 1330
performs analog conversion, amplification, filtering, and fre-
quency up-conversion in order or performs such operations in
reverse order. The display module 1340 is connected to the
processor 1310 and displays a variety of information. The
scope or spirit of the display module 1340 of the present
invention is not limited thereto, and the display module 1340
may be any of well-known elements, for example, a Liquid
Crystal Display (LCD), a Light Emitting Diode (LED), an
Organic Light Emitting Diode (OLED) and the like. The user
interface (UI) module 1350 is connected to the processor
1310, and may be implemented as a combination of user
interfaces such as a keypad, a touchscreen, etc.

It will be appreciated by persons skilled in the art that the
objects that can be achieved by the present invention are not
limited to what has been particularly described hereinabove
and the above and other objects that the present invention can
achieve will be more clearly understood from the foregoing
detailed description taken in conjunction with the accompa-
nying drawings. The exemplary embodiments described
hereinabove are combinations of elements and features of the
present invention. The elements or features may be consid-
ered selective unless otherwise mentioned. Each element or
feature may be practiced without being combined with other
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elements or features. Further, the embodiments of the present
invention may be constructed by combining parts of the ele-
ments and/or features. Operation orders described in the
embodiments of the present invention may be rearranged.
Some constructions or characteristics of any one embodiment
may be included in another embodiment and may be replaced
with corresponding constructions or characteristics of
another embodiment. It is apparent that the present invention
may be embodied by a combination of claims which do not
have an explicitly cited relation in the appended claims or
may include new claims by amendment after application.

The embodiments of the present invention may be achieved
by various means, for example, hardware, firmware, soft-
ware, or a combination thereof. In a hardware configuration,
the embodiments of the present invention may be imple-
mented by one or more application specific integrated circuits
(ASICs), digital signal processors (DSPs), digital signal pro-
cessing devices (DSPDs), programmable logic devices
(PLDs), field programmable gate arrays (FPGAs), proces-
sors, controllers, microcontrollers, microprocessors, etc.

In a firmware or software configuration, the embodiments
of the present invention may be achieved by a module, a
procedure, a function, etc. performing the above-described
functions or operations. Software code may be stored in a
memory unit and driven by a processor. The memory unit is
located at the interior or exterior of the processor and may
transmit data to and receive data from the processor via vari-
ous known means.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention without departing from the spirit or scope of the
invention. Therefore, the above-mentioned detailed descrip-
tion must be considered only for illustrative purposes instead
of restrictive purposes. The scope of the present invention
must be decided by a rational analysis of the claims, and all
modifications within equivalent ranges of the present inven-
tion are within the scope of the present invention.

INDUSTRIAL APPLICABILITY

As is apparent from the above description, although the
retransmission method and apparatus for configuring a
dynamic subframe in a wireless communication system have
been disclosed on the basis of application to 3GPP LTE, the
inventive concept of the present invention is applicable not
only to 3GPP LTE, but also to other mobile communication
systems.

The invention claimed is:

1. A method for determining an Uplink-Downlink configu-
ration by a user equipment in a wireless communication sys-
tem, the method comprising:

receiving a TDD (Time Division Duplex) configuration

related to a reconfiguration command transmission,
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wherein the TDD configuration includes a periodicity
configuration and a subframe set configuration for
reconfiguring TDD;

setting uplink-downlink configuration based on the recon-

figuration command, if the reconfiguration command is
detected in a subframe indicated by the subframe set
configuration,

wherein the uplink-downlink configuration is configured

to be applied from a first subframe of a radio frame, and

if the reconfiguration command is received in subframe 0

of the radio frame, the uplink-downlink configuration
being reconfigured from subframe 0 of the radio frame,
and

if the reconfiguration command is received in a subframe

other than subframe 0 of the radio frame, the uplink-
downlink configuration being reconfigured from sub-
frame 0 of a next radio frame after the radio frame.

2. The method according to claim 1, wherein the periodic-
ity configuration indicates a period to monitor the reconfigu-
ration command.

3. The method according to claim 2, wherein the period is
10 ms.

4. The method according to claim 1, wherein the TDD
configuration is received through higher layers.

5. The method according to claim 1, wherein the recon-
figuration command is received via Physical Downlink Con-
trol CHannel (PDCCH).

6. A user equipment for determining an Uplink-Downlink
configuration in a wireless communication system, the UE
comprising:

a radio frequency unit; and

a processof,

wherein the processor is coupled to a memory and config-

ured to:

receive a TDD(Time Division Duplex) configuration

related with a reconfiguration command transmission,
wherein the TDD configuration including a periodicity
configuration and a subframe set configuration for
reconfiguring TDD; and

set uplink-downlink configuration based on the reconfigu-

ration command, if the reconfiguration command is
detected in a subframe indicated by the subframe set
configuration,

wherein the uplink-downlink configuration is configured

to be applied from a first subframe of a radio frame,

if the reconfiguration command is received in subframe 0

of the radio frame, the uplink-downlink configuration
being reconfigured from the subframe 0 of the radio
frame, and

if the reconfiguration command is received in a subframe

other than subframe 0 of the radio frame, the uplink-
downlink configuration being reconfigured from the
subframe 0 of a next radio frame after the radio frame.

#* #* #* #* #*



